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• The search for substitutional Si and Mg in GaN.
Si-H and Mg-H complexes in GaN.

•  Local vibrational modes of C-H complexes

•  Intersubband transitions in GaN/AlGaN MQWs

•  Sensors for detection of biological agents
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Major issues associated with III-nitrides

•Growth:
• Tg = 750 oC for MBE samples
• Tg = 1050 oC for MOCVD  samples

• Doping:
• Difficult to control the dopant incorporation
• As grown materials:  GaN: VN, n-type.

•Substrates:
• Al2O3, SiC, GaAs, Si
• stress due to lattice mismatch
• Misfit dislocations ~ 109 cm-3

•Processing:
• Base-line processing is not well established
• Planar metallization
• Reactive ion etching is currently used in device fabrication

•Related Compounds:
•InxGa1-xN:  Difficult to incorporate In, x~20%
•AlGaN: Much easier to grow.

•
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Doping: Example (Carbon in GaAs)
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Comparison of experimental and theoretical CAs
LVMs in GaAs.
Symmetry          Experiment Theory
______________________________________
_
Td: Four 69Ga atoms        582.95(5) F2: 582.94
Td: Four 71Ga atoms        582.46 (1) F2: 582.46

C2v: two 71Ga and two 69Ga atoms
                 582.46 (1) A1: 582.44
                 562.60 (2) B1: 582.61
                 582.81(4) B2: 582.80

C3v: three 71Ga and one 69Ga atoms
                 582.60 (2) A1: 582.60
                 582.46 (1) E:   582.45

C3v: one 71Ga and three 69Ga atoms
                  582.95 (5) A1: 582.92
                  582.70 (3) E:   582.70
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Local Vibrational Modes of dopants and Impurities
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Proton irradiation effect
on C-H complexes.
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Thermal annealing
effect on the C-H
LVMs in AlGaN

Local Vibrational Modes of dopants and Impurities

2800 2850 2900 2950 3000 3050
0.492

0.504

0.516

0.528

0.540

0.552

0.564

0.576

0.588

0 125 250 375 500 625 750

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

T
a
 = 700 oC

T
a
= 450 oC

T
a
= 350 oC

T
a
= 300 oC

T
a
= 250 oC

T
a
= 0 oC

A
re

a 
(a

rb
it.

 u
ni

ts)

Annealing temperature (oC)

T = 77 K
Al0.6Ga0.4N
Sample # R3837

 

 

Ab
so

rb
an

nc
e 

(A
rb

it.
 U

ni
ts

)

Wave number (cm-1)

 

 

 

 



POC:  Omar Manasreh

Optical Properties of Dopants and Impurities in III-Nitride Materials

Email: manasreh@eece.unm.edu04/09/01

Ga

Ga

Ga

Ga

CN

H

Ga

Ga

Ga

Ga

CN

H

H H
Ga

Ga

Ga

Ga

CN

H

H

(a) CH (b) CH2 (C) CH3

Group Stretching Modes Observed Calculated
 (cm-1)    (cm-1)

CH 2851.7 2850.0
CH2 Asymmetric 2911.9 2949.0
CH2 Symmetric 2918.0 2902.0
CH3 Asymmetric 2962.0 2950.0
CH3 Symmetric 2872.0 2878.0

Local Vibrational Modes of dopants and Impurities
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TMG + Ammonia            GaN + Methane

Ga(CH3)3 + NH3      GaN +3CH4

Local Vibrational Modes of dopants and Impurities
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Local Vibrational Modes of dopants and Impurities
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Local Vibrational
Modes of dopants and
Impurities
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Structure:
GaAs/AlGaAs MQWs
well: 75 Å Si doped{[Si]~2x1018 cm-3}
barrier: 100 Å, Al-mole fraction=30%
50 periods

Temperature blueshift
PPE blueshifts with decrease in
temperature on average ~ 30 - 50 cm-1
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Long wavelength infrared applications

Intersubband transitions in MQWs
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Intersubband transition in
InGaAs/InAlAs MQWs.
In=0.52, Al=0.52, period = 50,
the well is doped with
[Si]=6x1018cm-3, the substrate is
InP:Fe, and the cap layer is 50A
InGaAs:Si.  The well width= 30A
and the barrier width = 300A.

Intersubband transitions in MQWs
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Intersubband transition in GaN/Al0.2Ga0.8N multiple quantum wells spectra measured at the
Brewster’s angle (a) and at the normal incident (b).  The total number of the multiple
quantum wells is 30.  The well thickness is 30Å and the barrier thickness is 100Å.

Intersubband transitions in GaN/AlGaN MQWs
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Gmachl et al,

Intersubband transitions in GaN/AlGaN MQWs
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                                         Al2O3 substrate

                             Doped GaN contact layer

UV  active layer (GaN or AlGaN)

                             Doped GaN contact layer

GaN/AlGaN  MQWs
IR active layer

A possible scheme of  the proposed UV-IR detector.  The UV detection  region is based on the
interband transitions in GaN and or AlGaN epitaxial layer.  The IR detection region is based on
the intersubband transitions in GaN/AlGaN and/or GaN/AlN multiple quantum wells (MQWs).
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MQWs-antenna coupling
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